In the past several years a wide variety of molecules has been studied by means of the extended Htickel theory, which explicitly includes all overlaps between atomic orbitals and systematic guesses for the elements of the Hamiltonian matrix.1 These studies, in spite of their very approximate nature, have yielded a wealth of chemical information in terms of eigenvalues and eigenvectors: charge distributions and reactive sites, ionization potentials, rotational barriers, relative stabilities of isomers, stable molecular configurations, binding energies, etc. Unfortunately, a theoretical understanding of the extended Huckel method has lagged behind its often spectacular success. In this brief paper we address ourselves initially to understanding a small fragment of this success: ability to approximate binding energies. We also try to enumerate the serious errors involved in obtaining the eigenvalues, and come to the conclusion that in the present form of the method several large errors more or less cancel.
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We suggest that the extended Hfickel theory1 may be regarded as a method of simulating Hartree-Fock (HF) calculations by guessing the elements of the HF Hamiltonian matrix through the use of the Wolfsberg-Helmholz approximation. A critical examination of this method has been made possible by the availability of a diatomic wave function package.3 A sounder theoretical basis for the extended Huckel theory is obtained because nuclear repulsions N in the HF theory are shown to cancel approximately against half of the difference between molecular and atomic core energies, not, as expected,4 against electron-electron repulsions which are counted twice when eigenvalues are summed over electrons. This new observation is fortunate since the electron-electron term of the HF method is often a few times larger than the nuclear term. (2) where the sums are taken over orbitals.
We thus see that a necessary condition for approximating binding energies A by means of the extended Hickel theory (which does not yield a value of the total molecular energy, but only the elm) is that A be small compared to other energy terms in (2) . The other conditions are, of course, that the extended-Huckel Ejm are close to the SCF values, and that the MEC contributes relatively little to A.
Values of A obtained from all existing LCAO-SCF calculations are small compared with other molecular energy terms, although they depend somewhat on the choice of basis sets. A few ionic diatomics have values of A which are about ten per cent of nuclear repulsions;6a the more typical values are -0.16 au for CH4,5" 0.29 au for C2H6,5d 0.30 au for C2H4,5' and 0.58 for C2H2,5f which are -1.2, 0.7, 0.9, and 2.3 per cent, respectively, of N. Nevertheless, A is usually an appreciable fraction of A; hence, binding energies in terms of eim and eta could only be expected to have the right order of magnitude, but might be systematic within homologous series. If A were indeed zero, we would then find the formula for binding energies in the Huckel method used previously,' except for a factor of two [sums are over orbitals, not electrons in eq. (2) ], and except for the use here of the qa values6 instead of the valence state ionization potentials (VSIP). Thus we believe that the general smallness of A makes less surprising the otherwise unexpected result that the above formula' has predicted for boron hydrides"a and hydrocarbons" binding energies which are systematically larger than the experimental values by a factor of 1.8, but otherwise internally consistent.
This comparison of Hickel and SCF theories requires good values for the HF eigenvalues, eimn. We have computed the SCF Hamiltonian matrices for the diatomics BH (at 1.21 A) and BB (at 1.77 A) in preparation for a later study of matrix elements for boron hydrides. In Table 1 we compare the E," with those ob- , 32, 1959 (1960) . 6 Clementi, E., C. Roothaan, and M. Yoshimine, Phys. Rev., 127, 1618 . 7K = 1.75, a(2s)= -0.559 au; a(2p)= -0.312 au; a(H) -0.50 au.
8 For BH a(2s) = -0.909 au; a(2p) = -0.314 au; a(H) = -0.591 au. For BB a(2s) -0.920 au; a(2pr) = -0.189 au; a(2pir) = -0.179 au. 9 Newton, M. D., unpublished work. In all diatomics studied (CO, C2, B2) K7r was quite large. In C2 38 (internuclear distance that of ethane) Keg was 6.35, whereas in staggered ethane [Pitzer, R. M., and W. N. Lipscomb, J. Chem. Phys., 39, 1995 (1963) ] the same pair of orbitals (which can now interact with E' and E' symmetry orbitals formed from the hydrogens) had a relatively normal Kay of 2.31. It is tempting to speculate that in larger molecules where full valency is used, the Kay anomaly will disappear. 
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